Carbon dioxide (R744) is widely used as refrigerant in supermarkets located in cold weather sites thanks to its negligible environmental impact and its favourable thermo-physical properties. Due to its low critical temperature, transcritical operations in CO2 refrigeration systems can commonly take place, increasing the energy consumption substantially. On the other hand, the high temperatures reached by the CO2 in the high pressure heat exchanger (gas cooler) potentially allow recovering a large amount of heat at different temperature levels according to the supermarket needs. The paper deals with the energy performance evaluation of a R744 refrigeration system, which provides the selected supermarket with DHW and heating, besides satisfying the cooling load required by the refrigerated and frozen food storage equipment. The system is equipped with an additional air-cooled evaporator which can be used as a supplemental heat source, to increase the amount of heat recovered and meet the full heating demand of the building. Different control strategies are examined in order to minimize the electric consumption and, contemporary, maximize the heat recovery.
Introduction
Many efforts are being recently devoted to reduce the environmental impact of refrigerating systems in commercial refrigeration applications. Both the choice of low Global Warming Potential (GWP) refrigerants and the increase in the energy efficiency of plants are being considered, to contain the direct and indirect contributions to the greenhouse effect.
Further opportunities for energy saving emerge when the boundaries of the system into consideration are extended to the whole supermarket or shopping mall. In fact, heat recovery from the commercial refrigeration systems in favor of HVAC and DHW production can be effectively performed. Up to now the prevalent solution with conventional HFC refrigeration systems consists in using waste heat rejected by condensers directly for the whole space heating [1] , in parallel to a heat pump to support space heating [2] , or for supplying the pre-heating coil of the air handling unit [3] . However heat recovery affects negatively the performance of the refrigeration system, because the condensing temperature must be raised for an effective recovery, thus preventing from taking advantage of a floating condensing control rule.
Carbon dioxide (refrigerant R744) employed as the only working fluid is proving to be a viable choice as replacement of halogenated hydrocarbons. Its negligible GWP almost zeroes the direct environmental impact, but its low critical temperature (31 °C) forces transcritical operations when heat rejection cannot be performed below the critical point, resulting in a detriment of the efficiency of the system in mild and hot climate conditions. However various measures can be adopted to force subcritical operation or to improve the efficiency of the system in all operation modes, thus reaching the same COP levels typical of the HFC refrigeration systems. Furthermore, the high temperature reached with CO2 at the compressor discharge allows heat recovery at various temperature levels, e.g. for domestic hot water (70-50 °C), direct space heating (50-40 °C), space heating through a heat pump, fresh air preheating or snow melting (40-30 °C). Bearing in mind that with CO2 in transcritical mode heat is rejected through a gas cooler where CO2 undergoes a single phase gas cooling, the three temperature levels mentioned above can be met through three heat exchangers: the first placed before the gas cooler (acting as a desuperheater in subcritical operations), the gas cooler itself (acting as a condenser in subcritical operations) and the third downstream of the gas cooler (acting as a subcooler in subcritical operations) [4] . At all these conditions the discharge pressure has to be optimized in order to achieve the maximum COP of the system. Sawalha [4] estimated that heat recovery from the desuperheater is able to cover the entire heating demand of an average size supermarket in relatively cold climate, leading to slightly lower annual energy consumption when compared to a conventional R404A refrigeration system with separate heat pump for heating needs. Furthermore, improvements in the energy efficiency can be achieved by means of a mechanical subcooler [5, 6] , i.e. a separate refrigerating unit aimed at cooling down the refrigerant leaving the gas cooler, and/or parallel compression [5, 6] , i.e. an auxiliary compressor aimed at compressing directly to high pressure level (HP) the vapour exiting the receiver. The latter technology was proved to be beneficial to CO2 refrigeration systems integrated with AC and operating in cold/mild climates [7] . Heat recovery can be improved through an additional evaporator placed outdoors and acting as a supplemental heat source [8] . Heat recovery affects in some way the performance of the refrigerating system and appropriate devices and control rules are required. As an example, a gas-cooler by pass conveniently operated could be adopted to attain the optimal compromise between heat recovery and efficiency. Tambovtsev et al. [9, 10 ] discussed such aspects and tested some control strategies.
In this paper a R744 booster refrigeration system operating in mild climates is theoretically investigated. Heat recovery from two heat exchangers connected in series at the exit of high stage compressor is used to provide a selected supermarket with DHW and space heating. The employment of an additional evaporator to guarantee full supply of both the DHW and heating demand is taken into account. Each component of the system is modelled in Trnsys environment [11] by developing in-house Types, based on thermodynamic relations. The cooling load profiles at the refrigeration system evaporators and the heating demand of the building result from the dynamic simulation of the commercial building and of the refrigerated food storage equipment. The results are compared to the baseline i.e. a R134a/CO2 cascade refrigeration system together with a R410A heat pump for space heating and hot water production.
